Radiation Interaction Data
The methods adopted for calculating values of the interaction data of body tissues presented in this Report are identical to those used in ICRU Report 44 (ICRU, 1989) . Brief descriptions of the methods are given in this section for each type of radiation. All the calculations used the elemental compositions of the body tissues given in Appendix A.
Uncertainties in absorbed-dose estimations in body tissues arise both from uncertainties in the composition of the tissues, and from uncertainties in the radiation interaction coefficients. The former are usually larger.
Photons
Total mass attenuation coefficients (µ,/ p) and the component mass attenuation coefficients for photoelectric absorption, coherent scattering, Compton scattering and pair production ( -r/ p, <I 00 hl p, <Ij p, K/ p) were calculated using the XCOM computer code (Berger, 1986; Berger and Hubbell, 1987) . The data were obtained over the energy interval 0.01 to 100 MeV.
Mass energy absorption coefficients (µ,. 0 / p) from 0.01to20 MeV were derived using the elemental data of Hubbell (1982) . The interaction coefficients were extended to 100 MeVby normalization to the elemental data of Storm and Israel ( 1970) .
Accuracy. In the energy interval dominated by Compton scattering, the estimated uncertainty is 1 %. For the elements from hydrogen to oxygen (inclusive) and energies below 0.03 MeV, uncertainties of 5-10% may be present. For elements of higher atomic number (sodium and above), uncertainties are 1-2% from 0.01 to 1 MeV and 2-3% above 1 MeV.
Electrons
Total mass stopping powers (S/ p), mass collision stopping powers [(S/ p)co 1 ] and mass radiative stopping powers [(S/ p),.d] for electrons in the energy interval 0.01 to 100 MeV were calculated using the ESPB computer code supplied by Seltzer (1987) .
Mass scattering powers (T/p) for electrons were calculated using the expressions recommended by Rossi (1952) and Brahme (1971) , as discussed in ICRU Report 35 (ICRU, 1984a) . The methodology suggested in ICRU Report 35 to correct for the contribution from electron-electron scattering gov-10 erned by the M~ller cross section (M~ller, 1932) has been adopted in these calculations.
Accuracy. Above 0.1 MeV, the uncertainties of the collision stopping powers are estimated to be 1-2%; between 0.01 and 0.1 MeV, they are estimated to be 2-3% in low atomic number materials and 5-10% in high atomic number materials. The uncertainties of the radiative stopping powers are estimated to be about 5% below 2 MeV, 2-5% between 2 MeVand 50 MeV, and about 2% above 50 MeV.
Protons
Mass stopping powers (SI p) for protons in the energy interval 1 to 500 MeV were calculated using the PSTAR5 computer code supplied by Berger (1987) . The calculations do not include the density effect because it becomes significant ( > 1 %) only above lOOOMeV.
Accuracy. For proton interaction data in the energy interval 1 to 500 MeV, the estimated uncertainties are 1-2%.
Neutrons
Kerma factors (i.e., the ratio of kerma to fluence) [E(µ,t.f p)] for most of the elements in the body tissues were taken from the data of Caswell et al. (1980) . The energy interval 2.53 x 10-s MeV (thermal) to 30 MeV is considered. No adequate data for elemental iodine were available, so values for the nearest neighboring element for which data are available (i.e., tin) were taken from the data of Howerton (1986) . The lack of adequate experimental neutron cross section and kerma factor data above 30 MeV has prevented extending the information in this report beyond that energy. However, the increasing use of neutrons for clinical therapy is resulting in an urgent need for data from 10 MeV to at least 65 MeV (IAEA, 1987) . Some theoretical information is available in this energy interval (Dimbylow, 1983; Brenner & Prael, 1989) .
Accuracy. Below 10 MeV, the estimated uncertainties in the kerma factors are 1 % for hydrogen and 5% for carbon, nitrogen and oxygen. In the energy interval 10 to 30 MeV, the uncertainties are estimated to be 1 to 2% for hydrogen and 10 to 25% for carbon (Buhler et al., 1985; Deluca et al., 1985 and 1986; Axton, 1989) . For nitrogen and oxygen, the uncertainties may be even higher at some energies. Estimation is difficult due to lack of experimental data.
